Programme on HIV/AIDS (UNAIDS) proposes that by 2020, 90% of all PLWH will know their HIV status, 90% of all people with diagnosed HIV infection will receive sustained antiretroviral therapy, and 90% of all people receiving antiretroviral therapy (ART) will have viral suppression. [3] The endgame will involve a number of strategies, but the foremost is early testing which will lead to early treatment and thus calls for a scaling up of HIV testing at different settings. The free ART program has played an important role in reducing the number of deaths due to AIDS in India, with an estimated 840,000 lives being saved until 2014. [2, 4] Therefore, early diagnosis and timely treatment can prevent HIV transmission to unaffected communities. To maximize the process of early diagnosis, the involvement of health professionals from all levels is crucial [5] and since a large proportion of Indian population are likely to be seen at an oral health setting, it can act as an important site for early HIV diagnosis.
National AIDS Control Organization (NACO) recommended that HIV testing can be undertaken as voluntary testing after counseling and a total of 13,030,000 people were tested for HIV in India during 2013-2014. [6] At present, the HIV diagnostic kit market comprises of only four major segments; NACO laboratories, private and nongovernmental organization laboratories, major blood banks, and public and private hospitals. However, a number of rapid HIV tests have been validated in India for ease of performance and quick results which also increase their chance of being accepted at an oral healthcare setting. [6] However, at the same time, knowledge and attitudes of dentists in relation to HIV are important determinants for their willingness to care and the quality of the care they will render to HIV patients. [7] In India, as in many other countries, it is illegal for clinicians, clinics, and hospitals to discriminate on the basis of HIV disease status as strict laws against discrimination against seropositive patients have been adopted. [8] A number of studies from India show wide variability in the knowledge and attitudes of the dentists. In a study (sample size [n] =600) conducted with dental students in national capital region (NCR), 67.6% of subjects believed that dentists are at high-risk group, [7] and similar results were found in another study (n = 266) conducted in rural India. [9] In a comparison-based study (n = 500) where the responses from the year 1999 were compared with the year 2010, over 90% of the dentists reported that HIV has a high potential of being transmitted in an oral health setting showing their reluctance in treating HIV patients. [8] In another study (n = 205), dentists reported fear of contracting the infection, resistance of support staff, and perceived lack of clinical skills as barriers to treating HIV-infected patients. [5] In a study (n = 460) conducted in Uttar Pradesh, 87.2% of dental students agreed or strongly agreed with the statement, "I have a right to know if my patients are HIV-positive" which showed negative attitudes toward PLWH [10] and similar findings were reported in another study (n = 191) conducted in Shimla among the dental students. [11] In a national survey of Indian dentists (n = 450), one of the reasons for refusing treatment was the lack of knowledge of dentists that saliva cannot readily transmit HIV. [12] Impact of an educational program was evident in a study (n = 106) where 65% of the dentists demonstrated improvement in terms of their HIV knowledge after attending an educational program on HIV. [13] A study (n = 200) conducted in Bhopal showed that knowledge about diagnosis of HIV was only 33% among the respondents. [14] An interesting finding from another study (n = 450) was that a large proportion of dentists surveyed did not know the location of the nearest ART center. [12] In a study (n = 102) conducted in Tamil Nadu, it was seen that about 98% of the study sample felt that it was necessary to screen patients for HIV in oral healthcare settings, but only one dentist reported of having done any screening test for HIV on their patients in the past 12 months and the major reasons for not treating HIV patients were found to be lack of knowledge and training in handling a HIV patient and dealing with staff fears about HIV patients. In a study (n = 164) conducted in Kuala Lumpur, Malaysia, only about half of the final year dental students agreed that disclosure of HIV status of dental patients can help to prevent cross-infection. [15] A recent study (n = 477) conducted in Xi'an region of China showed that younger age, shorter duration of clinical practice, having gained a postgraduate degree, working in a dental hospital, and having direct contact with infectious diseases by patients' saliva or blood had a higher knowledge of HIV. Further, participants with higher knowledge were more likely to feel comfortable when advising a preliminary positive HIV test result. [16] In the study (n = 1802) conducted among dentists practicing in the United States, it was shown that most of the dentists (67.1%) had expressed concern regarding patients' acceptance over HIV screening. [17] A cross-sectional study (n = 532) conducted in Australia showed that most dentists (78.1%) were uncomfortable advising a patient of a reactive rapid HIV test result and having treated PLWH and knowledge score stand as important predictors of their willingness. [18] A qualitative study (n = 42) conducted among the Vietnamese dentists where four focus groups assessed their willingness to conduct saliva-based HIV testing, the majority were willing to provide rapid HIV testing; however, at the same time, need for additional training was needed. [19] Given the lack of prior research on willingness to conduct HIV testing in an oral health setting among Indian dentists, the aim of this study was to assess the knowledge of HIV, attitudes, and willingness to conduct HIV testing among dentists practicing at Delhi/NCR, Hyderabad, Gandhinagar, and Bhubaneswar (representing low, moderate, and high HIV prevalence areas) in India.
SUBJECTS AND METHODS

Study design and participants
A cross-sectional study was conducted among dentists currently practicing in four major cities; Delhi/NCR, Gandhinagar, Bhubaneswar, and Hyderabad (representing low, moderate, and high HIV prevalence areas) in India. A sampling frame of dental hospitals, dental colleges, and dental clinics was developed. The surveys were conducted at private and government dental hospitals, dental colleges, and private clinics both electronically and in paper format.
To be eligible, the dentists were required to have (1) earned a Bachelor of Dental Science (or equivalent degree), and (2) currently practicing dentistry and/or a faculty member in a dental college in Delhi, Hyderabad, Gandhinagar, and Bhubaneswar. Dental professionals who were not dentists (hygienists, therapists, etc.,) were excluded from the study. The study was explained to the eligible dentists, and written consent was obtained from each respondent prior to the survey.
Survey
The valid and reliable survey instrument based on a study with similar objectives in Seoul, South Korea, [17, 20] was modified for the Indian context after being reviewed by an expert panel of 30 Indian dentists, public health, and HIV scholars. The survey instrument consisted of 33 questions, assessing demographics, knowledge on HIV, and experience in managing HIV patients, attitudes, and willingness to conduct HIV testing.
Analysis
Statistical Package for the Social Sciences (SPSS), version 21.0 (IBM Corp. Released 2012. IBM SPSS Statistics for Windows, Version 21.0, Armonk, NY: IBM Corp) was used for statistical analyses. Question about knowledge on HIV contained 18 items and each correct item was awarded one mark; the maximum score was 18. Individuals who answered 75% or more of the questions correctly were placed into a category of "high knowledge score group" while those who answered < 75% of the test questions correctly were placed into the "low knowledge score" group. Attitudes and willingness were examined. Differences and associations between knowledge score groups, attitudes, willingness, and experience in handling HIV patients were tested using Chi-squared statistic for categorical variables, and the statistical significance was set up at P < 0.05.
Ethics
Ethics approval was received from the Public Health Foundation of India and the University of Sydney.
RESULTS
Profile of the respondents
A total of 503 Indian dentists took part in the study, and 50.9% of the respondents were from Delhi/NCR region [ Table 1 ]. Two hundred and seventy-five (54.7%) females and 228 (45.3%) males participated in the study. More than half (51.9%) of the respondents were from public sector and 43.8% had a postgraduate degree in dentistry.
Knowledge of human immunodeficiency virus
The participants were asked to answer true, false, or do not know to 18 statements regarding knowledge of HIV and an overall knowledge score was calculated by summing the scores for each statement. The average knowledge score was 11.7 (standard deviation = 3.213) and it was found that only 33.8% of the respondents had high HIV knowledge score (answered 75% or more of the test questions correctly). The correct response rate for each statement is shown in Table 2 .
A minority of respondents (34.7%) reported prior experience in dealing with HIV patients and it was found to be significantly associated with low knowledge score (answered <75% of the test questions correctly) (P = 0.002) [ Table 3 ]. High knowledge scores were positively associated with age group (P = 0.017), level of education (P = 0.008), and dental specialty (P = 0.006). Hesitance to deliver news of HIV-positive test to patients was negatively associated with level of knowledge score (P = 0.004). Of those hesitant to deliver news of positive test to patients, 44% were from the high knowledge score group compared to 56% in the low knowledge score group.
Attitudes toward human immunodeficiency virus testing
Dentists working in government sector showed an overall positive attitude toward HIV testing as compared to private Number of dental patients seen in a week (P < 0.05) and type of practice (P < 0.05) made a statistically significant difference to having positive attitude toward HIV. Males (33.8%, P = 0.001) reported more reluctance to deliver HIV diagnostic information to patients. Having knowledge to administer an HIV test was found to be positively associated with level of education (P = 0.003) and dental specialty (P = 0.021). A majority of respondents (73.3%) were willing to deliver HIV-positive test results to patients and of these, 80% were from the government sector whereas 34% of the private practitioners showed reluctance in delivering the news of positive HIV test [ Table 5 ].
Willingness to conduct human immunodeficiency virus testing
A total of 402 (79.9%) of the respondents felt that rapid HIV testing was needed in oral health setting, but only 30% of the respondents reported indifference to negative reactions from patients from offering to do HIV test [ Table 6 ]. Willingness to undertake HIV testing in patients was positively associated with knowledge score (P = 0.000), the belief that their patient's perception about them would improve (P = 0.000), and have had some training on management of HIV in dental school (P = 0.001) [ Table 7 ].
No statistically significant relation was reported between knowledge score and survey site (P = 0.06), but attitudes (P < 0.05) and willingness (P = 0.00) were found to be significantly related to the survey site (data not shown), suggesting cultural difference as an important factor in taking up HIV testing. Further, no significant difference was found in the willingness to conduct HIV testing among dentists practicing in government (79%) and private (76.8%) sector.
DISCUSSION
This study has shown that the general awareness of HIV among this sample of Indian dentists appears to be low. The findings from this study suggest that prior experience in dealing with HIV-positive patients, level of education, and dental specialty have a significant impact on one's knowledge of HIV. In contrast, a study conducted among the Chinese dentists showed that almost 70% of the respondents had high knowledge HIV scores; however, a similar study in Australia showed varied knowledge scores. [17, 18] Lack of education can be seen as the most important factor influencing one's knowledge of HIV as similar results were seen in the studies conducted in the US, China, and Australia. [17, 18] Overall, the participants showed positive attitudes toward HIV testing and are willing to conduct HIV testing in oral health setting; however, at the same time, they feel that they lack proper knowledge and skills to administer an HIV test which reduces their chance to uptake HIV testing in oral health setting.
In addition, possibility of a false-positive test result and referring a patient for follow-up of a positive test stand as major barriers in providing HIV testing in an oral healthcare setting. The study among the Australian HIV=Human immunodeficiency virus, AIDS=Acquired immunodeficiency syndrome dentists showed similar results where almost 80% of the respondents reported of not being comfortable giving a reactive test result. [18] Therefore, information, education, and communication on HIV and HIV testing need to be scaled up and HIV can be made a part of dental health promotion materials.
A majority of the participants from the private sector were concerned about the negative reactions from their patients, a finding which was also seen in a US study [18] where more than 60% of the dentists expressed concern regarding patient's acceptance of HIV testing and might not be willing to conduct HIV testing. Therefore, it is clear that dentists need to be systematically made aware of their potential role in the implementation of UNAIDS prevention strategy which aims to improve access to HIV prevention, treatment, care, and support. There is also a need for the presence of counseling if the dentist feels the patient is at risk of HIV.
Limitations of the study included (a) participants were a convenience sample of dentists from only four cities in India, and it is unknown how representative this is of the dental profession in India and (b) lack of information on survey nonresponders. On the other hand, a major strength of this study was that the study population included dentists 
CONCLUSION
It can be concluded that Indian dentists generally are willing to conduct HIV testing, but additional studies are needed to explore how rapid HIV testing can be incorporated into the oral healthcare setting. Future research will include qualitative study of Indian dentists' willingness to conduct HIV testing and to understand and broaden the role of other members of dental team (i.e., dental hygienists) and examining dental patients' attitudes toward being offered a rapid HIV test in the oral health setting.
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